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HIGH SPEED SPINNING OF
MULTI-COMPONENT FIBERS WITH HIGH HOLE
SURFACE DENSITY SPINNERETTES AND HIGH
VELOCITY QUENCH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to synthetic multi-com-
ponent fibers, especially synthetic bi-component fibers
used 1n the manufacture of non-woven fabrics. In partic-
ular, the present invention relates to processes and appa-
ratus for the production of multi-component polymer
fibers and filaments at high speed and in a densely
packed arrangement. More specifically, the present
invention relates to multi-component fibers produced at
high speed using one or more high hole surface density
spinnerettes with subsequent high velocity quenching
of the fibers.

2. Background Information

The production of multi-component polymer fibers
typically involves the use of at least two different poly-
mers which are routed in the molten state, via a com-
plex spin pack, 1o the top hole of a spinnerette so that
the desired cross-sectional configuration can be ob-
tained for the resultant multi-component fibers which
are extruded from the base of the spinnerette.

Multi-component fibers can be formed in many con-
figurations, and the term “multi-component fibers” is
used here to broadly include “bi-component fibers”,
where bi-component fibers include two different and
separate polymeric components and multi-component
fibers may have two or more different and separate
polymeric components. Among the various bi-compo-
nent fiber configurations are: the concentric sheath-core
type, where a core is made of a first polymer and a
concentric sheath made from a second polymer is dis-
posed concentrically about the core; a side-by-side type,
where two polymeric components are disposed side by
side in parallel relationship in the fiber; and a tri-lobed
configuration, where three tips of a tri-lobal shaped
fiber are formed from a polymer which is different from
a polymer that makes up the remainder of the fiber.

There are generally two types of processes used for
producing multi-component fibers of the type referred
to above. One process 1s the older two-step “long-spin”
process which involves first melt-extruding fibers at
typical spinning speeds of 500 to 3000 meters per min-
ute, and more usually depending on the polymer to be
spun from 500 to 1500 meters per minute, bundling the
obtained unstretched fibers and temporarily storing
them, and thereafter collecting them to form a thick
tow which is fed through an apparatus, in a second step,
usually run at 100 to 250 meters per minute, where the
fibers are drawn, crimped, and cut into staple fiber.

The second process is a one-step “short spin’ process
which involves conversion from polymers to staple
fibers in a single step where typical spinning speeds are
in the range of 50 up to 200 meters per minute. The
productivity of the one-step process is increased with
the use of 2 much higher number of holes per spinner-
ette compared to that typically used in the long spin
process.

Since the “short spin’ process is carried out without
any interruption between the spinning step and the
drawing step, it is more advantageous than the “long

spin”’ process in that higher vields can be achieved
without the need for storage space for the fiber between
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steps, or the extra installation space needed for the
“long spin” apparatus layout.

The principles of the production of molten multi-
component fillaments are known and are described in
U.S. Pat. No. 4,738,607 to NAKAJIMA et al., which is
hereby incorporated by reference in its entirety. In this
patent, at least two different thermoplastic polymers are
independently melted by heating to prepare indepen-
dent spinning liquids, and the two liquids are separately
fed under pressure to spinning holes by way of indepen-
dent paths at which time, or just before which time,
they are combined with each other at a predetermined
ratio. The combined polymers are then extruded from
the bottom holes of the spinnerette in the form of multi-
ple multi-component fibers which must then be
quenched to solidify the same.

Apparatus and methods are also known for melt spin-
ning of polymers to obtain certain advantages in the
spinning of bi-component fibers. For example, U.S. Pat.
No. 4,406,850 to HILLS (HILLS ’850), which is hereby
incorporated by reference in its entirety, is directed to
apparatus and methods for delivering a supply of differ-
ent polymers to each spinning orifice in a spinnerette,
while retaining a relatively high surface density of fila-
ments per unit area of spinnerette face or surface.

HILLS ’830 discloses that the most difficult type of
bi-component spinning to achieve a high number of
holes per unit area of spinnerette surface or high hole
surface density, is the concentric sheath-core type.
HILLS °850 discloses an improved spin pack design to
achieve “high hole surface density” when spinning
concentric sheath-core fibers. The spinnerette plate is
disclosed to achieve a hole surface density of 2.0 to 2.5
passages per square centimeter of spinnerette bottom
surface, and HILLS 850 states that even closer spacing
1s possible.

U.S. Pat. No. 5,162,074 to HILLS (HILLS °074),
which is hereby incorporated by reference in its en-
tirety, is directed to apparatus and methods for spinning
multi-component fibers at an even higher hole surface
density. HILLS ’074 discloses a hole surface density of
about eight or so spinning orifices in each square centi-
meter of spinnerette face area, and the positioning of the
spinning orifices in staggered rows to promote more
efficient fiber quenching. The HILLS 074 patent uti-
lizes one or more disposable distributor plates in which
distributor flow paths are etched on one or both sides to
distribute different polymer components to appropriate
spinnerette inlet hole locations.

In attempting to maximize productivity (1.e., grams of
polymer per minute per square centimeter of spinner-
ette surface area) and fiber uniformity (i.e., denier and
shape) while keeping costs as low as possible, HILLS
"074, 1n several test runs, uses a spinnerette having spin-

in a direction perpendicular to the quench air flow, to
produce a resulting hole surface density of 7.9 holes per
square centimeter of spinnerette face area (i.e., bottom
surface), or 12.6 square millimeters per hole. With this
density, a strong quench air flow within the first 150
millimeters below the spinnerette was required to pre-
vent marrying of the filaments. HILLLS 074 does not
specity the characteristics of the quench unit used, but
makes use of a readily available and well known quench
unit.

With all multi-component fiber manufacture via melt
spinning there has been a problem with sufficiently
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quenching molten fibers which are spun at hole surface
densities greater than one hole per 12.6 square millime-
ters of spinnerette lower surface. Standard quench units
are incapable of sufficiently cooling molten multi-com-
ponent filaments, and this results in “married” filaments
wherein two or more filaments fuse together before
they become sufficiently solidified. Another problem
which results from insufficient cooling is “slubbing”
wherein the molten filaments (1.e., fibers) are not cooled
rapidly enough to withstand the spinning stress, which
results in broken fibers or filaments. |

SUMMARY OF THE INVENTION

It is an object of the present invention to achieve high
production of multi-component fibers via high speed
spinning through one or more high hole surface density

spinnerettes, and to sufficiently quench the array of

multi-component fibers extruded from the one or more
high hole surface density spinnerettes at high speed,
using an improved, high velocity quench unit. Hole
surface density i1s defined as the number of surface holes
per unit area of the face (1.e., bottom surface) of a spin-
nerette.

It 1s also an object of the present invention to prevent
marrying and/or slubbing of the multi-component {i-
bers which are extruded through the one or more high
hole surface density spinnerettes at high speed.

Further, it is an object of the present invention to spin
fibers which are uniform in cross-section over the
length of the fibers produced, while meeting the other
objectives of the present invention.

The objects of the present invention can be obtained
by providing a process for high speed spinning of multi-
component polymer filaments, comprising feeding a
first polymeric component at a first melt temperature
into at least one spin pack assembly; feeding a second
polymeric component at a second melt temperature into
the at least one spin pack assembly; combining the first
and second polymeric components into a multi-compo-
nent configuration and extruding through at least one
high hole surface density spinnerette to form molten
multi-component filaments; and quenching the molten
multi-component filaments by blowing a fluid (prefera-
bly air) at a high velocity across the direction of extru-
sion of the multi-component molten filaments.

Preferably, the step of quenching the molten multi-
component filaments by blowing a fluid at a high veloc-
ity comprises blowing a fluid at a face velocity of at
least 1000 feet per minute, and a preferred range of from
about 1000 feet per minute to 1600 feet per minute.
More preferably, the step of quenching the molten muli-
ti-component filaments by blowing a fluid at a high

velocity comprises blowing a fluid at a face velocity of

at least about 1200 feet per minute. A preferred maxi-
mum face velocity is no greater than about 1400 feet per
- minute. In a preferred arrangement, the step of quench-
ing the molten multi-component filaments by blowing a
fluid at a high velocity comprises blowing a fluid at a
face velocity of about 1300 feet per minute.

Further, the process step of quenching the molten
multi-component filaments by blowing a fluid at a high
velocity 1s preferably performed by a quench unit hav-
ing an opening through which the fluid is blown, the
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unit preferably comprises a height of up to about 50
mm. |
Preferably, the opening of the quench unit is set at a
height of at least about 20 mm during quenching. A
preferred maximum height setting is no greater than
about 40 mm. In a preferred arrangement, the opening
of the quench unit comprises a height of about 35 mm.
Preferably, the quench unit is positioned at a horizon-
tal distance of at least about 4.5 centimeters from the
nearest molten multi-component filament, measured
from a center of the opening of the quench unit face.
Pretferably, the quench unit is positioned at a horizontal
distance of no greater than about 5.5 centimeters from
the nearest molten multi-component filament, measured
from a center of the opening of the quench unit face. In
a preferred arrangement, the opening-of the quench unit
1s positioned at a horizontal distance of about 5 centime-
ters.
Preferably, the quench unit is positioned at a vertical
distance of from about 0.0 to 20.0 centimeters from a
bottom edge of the at least one high hole surface density
spinnerette to a top edge of the opening. More prefera-
bly, the vertical distance comprises at least about 1.0
centimeter. A preferred maximum vertical distance
comprises no greater than about 10.0 centimeters. In a
preferred arrangement, the opening of the guench unit

- 18 positioned at a vertical distance of about 5.0 centime-

ters from the bottom surface of the at least one high
hole surface density spinnerette.

In another preferred embodiment, the quench unit is
positioned at a vertical distance of about 1.0 centimeter
from the bottom surface of the at least one high hole
surface density spinnerette.

Preferably, the quench unit is positioned at an angle
of about 0 to 50 degrees with respect to horizontal, with
the opening being directed toward a center of a bottom
surface of the at least one high hole surface density
spinnerette. More preferably, the positioning angle
comprises at least about 10 degrees. A preferred maxi-
mum angle is no greater than about 35 degrees. In a
preterred embodiment, the positioning angle is set at
about 23 degrees. -

Preferably, the quench unit blows a fluid at a high
velocity through the above-defined opening at a tem-
perature of from about 50 to 90 degrees Fahrenheit.
More preferably, the fluid temperature comprises at
least about 60 degrees Fahrenheit. A preferred maxi-
mum fluid temperature comprises no greater than about
80 degrees IFahrenheit. In a preferred embodiment, the
temperature of the fluid which is blown at high velocity
by the high velocity quench unit is about 70 degrees
Fahrenheit. |

Preferably, the multi-component molten filaments are
produced at a spinning speed of at least about 30 meters
per minute, and a preferred range of from about 30
meters per minute to 900 meters per minute. More pref-
erably, the spinning speed comprises at least about 60
meters per minute. More preferably, the spinning speed
comprises no greater than about 450 meters per minute.
In a preferred embodiment, the spinning speed com-
prises at least about 90 meters per minute. In another
preferred embodiment, the spinning speed comprises no
greater than 225 meters per minute. Even more prefera-
bly, the spinning speed comprises at least about 100
meters per minute. Even more preferably, the maximum
spinning speed comprises no greater than about 165
meters per minute.
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Preferably, the at least one high hole surface density
spinnerette comprises a bottom surface through which
the molten multi-component fibers are extruded,
wherein the bottom surface comprises at least one hole
per 8 square millimeters of the bottoni surface. More
preferably, the at least one high hole surface density
spinnerette comprises at least one hole per 5 square
millimeters of bottom surface. A preferred embodiment
of the present invention employs at least one high hole
surface density spinnerette comprising at least one hole
per 2.5 square millimeters of bottom surface or face.
Optionally, the at least one high hole surface density
spinnerette may comprise at least one hole per 0.6
square millimeters of the bottom surface.

The multi-component molten filaments can contain
varying numbers of components, such as two, three,
four, etc., and these components can be present in vari-
ous amounts. For example, one of the components can
comprise at least 10 percent, 30 percent or 50 percent of
the total weight of the multi-component molten fila-
ments. Preferably, the multi-component molten fila-
ments produced comprise about 10 to 90 percent by
weight of the first component and about 90 to 10 per-
cent by weight of the second component. More pretera-
bly, the multi-component molten filaments comprise
about 30 to 70 percent by weight of the first component
and about 70 to 30 percent by weight of the second
component. A preferred embodiment produces multi-
component molten filaments comprising about 350 per-
cent by weight of the first component and about 50
percent by weight of the second component.

Preferably, the process comprises an extrusion rate of
the first polymeric component of from about 0.01 to
0.12 grams per minute per spinnerette hole and the
extrusion rate of the second polymeric component com-
prises about 0.01 to 0.12 grams per minute per spinner-
ette hole. More preferably, the extrusion rate of the first
polymeric component comprises at least about 0.02
grams per minute per spinneretie hole and the extrusion
rate of the second polymeric component comprises at
least about 0.02 grams per minute per spinnerette hole.
More preferably, the maximum extrusion rate of the
first polymeric component comprises no greater than
about 0.06 grams per minute per spinnerette hole and
the maximum extrusion rate of the second polymeric
component comprises no greater than about 0.06 grams
per minute per spinnerette hole. In a preferred embodi-
ment, the extrusion rate of the first polymeric compo-
nent 1s about 0.02 grams per minute per spinnerette hole
and the extrusion rate of the second polymeric compo-
nent 1s about 0.02 grams per minute per spinnerette hole.

In another preferred embodiment, the extrusion rate
of the first polymeric component is about 0.06 grams
per minute per spinnerette hole and the extrusion rate of
the second polymeric component is about 0.06 grams
per minute per spinnerette hole.

Optionally, the process further comprises the step of
teeding at least a third polymeric component at a third
melt temperature 1nto the at least one spin pack assem-
bly for combination with the first and second polymeric
components to form molien multi-component fibers.

The objects of the present invention are also obtain-
able by providing apparatus for high speed spinning of
multi-component polymer filaments, and, in particular,
apparatus for performing the processes of the present
mvention.

Therefore, according to one embodiment of the pres-
ent invention, apparatus i1s provided for high speed
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spinning of multi-component polymer filaments, com-
prising at least one high hole surface density spinner-
ette; at least one feeding element for feeding a first
polymer composition through the at least one high hole
surface density spinnerette, and at least one feeding
element for feeding a second polymer composition
through the at least one high hole surface density spin-
nerette, to extrude an array of molten multi-component
filaments; and at least one quench unit for quenching the
arrangement of molten multi-component filaments, as
the molten multi-component filaments exit the at least
one high hole surface density spinnerette, to effectively
prevent slubs and marrying of the multi-component
filaments.

Preferably, the at least one quench unit comprises a
face having an opening through which the at least one
guench unit blows a fluid at a high face velocity, and the
face has a fixed width and a variable height. Preferably,
the height is variable up to about 50 mm. Preferably, the
variable height is set, in use, to at least about 20 mm.
Preferably, the variable height is set, in use, t0 no
greater than about 40 mm. In a preferred embodiment,
the variable height of the face of the at least one quench
unit is set at about 35 mm.

Preferably, the fixed width of the at least one quench
unit face is at least as wide as a combined width of the
molten multi-component fibers extruded from the at
least one high hole surface density spinnerette. In a
preferred embodiment, the fixed width 1s at least about
21 mnches. In another preferred embodiment, the fixed
width is at least about 23 inches.

Preferably, the at least one quench unit comprises a
driving element for blowing a fluid through the face of
the quench unit at a face velocity of at least about 110
feet per minute, and a preferred range of from about
1000 feet per minute to 1600 feet per minute. More
preferably, the driving element blows a fluid through
the face at a face velocity of at least about 1200 feet per
minute. It is preferred that the driving element blows a
fluid through the face at a face velocity of no greater
than about 1400 feet per minute. In a preferred embodi-
ment, the driving element blows a fluid through the face
at a face velocity of about 1300 feet per minute. Prefera-
bly, the driving element blows a fluid through the face
at a volumetric rate of about 300 cubic feet per minute.

The apparatus preferably comprises at least one angu-
lar mounting element for angularly mounting the at
least one quench unit with respect to the at least one
high hole surface density spinnerette, for directing high
velocity fluid toward the bottom of the at least one high
hole surface density spinnerette at an angle of from
about O to 30 degrees. More preferably, the at least one
angular mounting element mounts the at least one
quench unit at an angle of at least about 10 degrees with
respect to the bottom surface of the at least one high
hole surface density spinnerette. It is preferred that the
at least one angular mounting element mounts the at
least one quench unit at an angle of no greater than
about 35 degrees with respect to the bottom surface of
the at least one high hole surface density spinnerette. In
a preferred embodiment, the at least one angular mount-
ing element mounts the at least one quench unit at an
angle of about 23 degrees with respect to the bottom
surface of the at least one high hole surface density
spinnerette.

Preferably, the apparatus further comprises at least
one vertical mounting element for vertically adjustably
mounting the at least one quench unit with respect to
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the at least one high hole surface density spinnerette,
such that the edge of the face of the at least one quench
unit nearest the bottom surface of the at least one high
hole surface density spinnerette is at a vertical distance
of from about 0.0 to 20.0 centimeters measured from the
bottom surface to the top edge. Preferably, the vertical
mounting element mounts the at least one quench unit
such that the vertical distance between the bottom sur-
face of the spinnerette and the nearest edge of the face
comprises at least about 1.0 cm. Preferably, the vertical
mounting element mounts the at least one quench unit
such that the vertical distance between the bottom sur-
face of the spinnerette and the nearest edge of the face
comprises no greater than about 20.0 cm. More prefera-
bly, the vertical distance comprises no greater than
about 10.0 cm. In a preferred embodiment, the vertical
distance 1s about 5.0 centimeters. In another preferred
embodiment, the vertical distance is about 1.0 centime-
ter.

Preferably, the apparatus further comprises at least
one horizontal mounting element for horizontally ad-
justably mounting the at least one gquench unit with
respect to the molten multi-component filaments as they
are extruded from the at least one high hole surface
density spinnerette, wherein the at least one horizontal
- mounting element mounts the at least one quench unit at
a horizontal distance of at least about 4.5 centimeters
measured ifrom a nearest molten multi-component fila-
ment to a center of the face. Preferably, the horizontal
distance comprises no greater than about 5.5 centime-
ters. In a preferred embodiment, the horizontal distance
is set at about 5 centimeters.

The at least one high hole surface density spinnerette
comprises a bottom surface through which the moiten
multi-component fibers are extruded, and preferably
comprises at least one hole per 8§ square millimeters of
the bottom surface. More preferably, the at least one
high hole surface density spinnerette comprises at least
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A preferred embodiment of the apparatus includes at
least one high hole surface density spinnerette which
comprises at least one hole per 2.5 square millimeters of
bottom surface. Optionally, the apparatus may include
at least one high hole surface density spinnerette which
comprises at least one hole per 0.6 square millimeters of
the bottom surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be better understood and charac-
teristics thereof are illustrated in the annexed drawings
showing non-limiting embodiments of the invention, in
which:

FIG. 11illustrates a schematic view of an embodiment
of an apparatus for high speed spinning of multi-compo-
nent fibers including high velocity quenching according
to the present invention;

FI1G. 2 illustrates a face view of the opening of a
quench unit according to the present invention;

FIG. 3 1llustrates a partial left side view, taken along
Iines III—III and III'—III’, of the apparatus shown in
FIG. 1; -

FIG. 4 1llustrates a spinnerette for providing the mul-
ti-component fibers according to the present invention;
and

FIG. 5 schematically illustrates a bottom face of a
spinnerette for providing the multi-component fibers
according to the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In making fibers, if a substantial drop in the number of
filaments per spinnerette is tolerated, much less fiber
production will be achieved per spinning station,
greatly increasing the capital cost to obtain a given level
of fiber production. This results in a requirement for
more spinning stations, each of which requires polymer
pumps, pump drives, temperature control means, poly-
mer piping, quenching facilities, takeoff rolls and build-
ing space for housing the equipment. Accordingly, even
small improvements in the number of filaments ex-
truded per spinnerette are important in terms of ultimate
product cost.

A number of patent applications have been filed by
the present assignee which are directed to improve-
ments in polymer spin and quench steps. Application
Ser. Nos. 08/003,696, 07/943,190 and 07/818,772 to
Gupta et al., the disclosures of which are hereby incor-
porated by reference in their entireties, are directed to
processes for spinning polypropylene fibers, and the
resulting fibers and products made from such fibers.
The processes of the Gupta et al. applications include
melt spinning a polypropylene composition having a
broad molecular weight distribution through a spinner-
ette to form molten fibers, and quenching the molten
fibers to obtain thermally bondable polypropylene fi-
bers. The processes of the Gupta et al. applications can
be used 1n both a two step “long spin” process, as well
as in a one step “short spin” process. The productivity
of the one-step process is increased with the use of
about 5 to 20 times the number of capillaries in the
spinnerette compared to that typically used in the long
spin process. For example, spinnerettes for a typical
commercial “long spin” process would include approxi-
mately 50-4,000, preferably approximately 3,000-3,500
capillaries 1n one preferred arrangement and approxi-
mately 1,000-1,500 in another preferred arrangement,
and spinnerettes for a typical commercial “‘short spin”
process would include approximately 500 to 100,000
capillanies preferably, about 30,000-70,000 capillaries.
Typical temperatures for extrusion of the spin melt in
these processes are about 250°-325° C. Moreover, for
processes wherein bi-component filaments are being
produced, the numbers of capillaries refers to the num-
ber of filaments being extruded, but not necessarily the
number of capillaries in the spinnerette.

'To accomplish the objectives of obtaining multi-com-
ponent fibers at high speed, preferably in a short spin
process, the present invention provides a sufficient
quenching stream to the extruded polymeric fibers in
the vicinity of extrusion from the spinnerette. For exam-
ple, because the standard quenching mechanisms do not
adequately quench multi-component fibers extruded
through at least one high hole surface density spinner-
ette in a short spin process, problems such as married
filaments and slubbing of filaments ensue when the
surface density of holes in the spinnerette(s) from which
the fibers are extruded exceeds the hole surface density
of a spinnerette having about one hole per 12.6 square
millimeters of bottom surface area.

As used herein, the term “high hole surface density”
as 1t applies to spinnerettes, and the term “high hole
surface density spinnerette” are used in reference to
spinnerettes having a hole surface density of at least one
hole per 12 mm? of bottom surface of spinnerette. The
terms “high velocity” and “high face velocity” are used
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herein to apply to quench units having a face velocity of
at least 800 ft/min.

In particular, in preferred embodiments of the present
invention, various characteristics are associated with
the guench unit so as to provide a sufficient quench
stream to the extruded multi-component fibers to solid-
ify the fibers to an extent which will prevent, inter alia,
marrying of fibers and slubbing of fibers.

The present invention is directed to various forms of
fibers, including filaments and staple fibers. These terms
are used in their ordinary commercial meanings. Typi-
cally, herein, filament is used to refer to the continuous
fiber on the spinning machine; however, as a matter of
convenience, the terms fiber and filament are also used
interchangeably herein. “Staple fiber” is used to refer to
cut fibers or filaments. Preferably, for instance, staple
fibers for non-woven fabrics useful in diapers have
lengths of about 1 to 3 inches, more preferably 1.25 to 2
inches.

The polymer materials extruded into multi-compo-
nent filaments according to the present invention, can
comprise any polymers that can be extruded in a long
spin or short spin process to directly produce the multi-
component filaments in known, lower hole surface den-
sity processes of production of multi-component fila-
ments, such as polyolefins, polyesters, polyamides, pol-
yvinyl acetates, polyvinyl alcohol and ethylene acrylic
acid copolymers. For example, polyolefins can com-
prise polyethylenes, polypropylenes, polybutenes, and
poly 4-methyl-1-pentenes; polyamides can comprise
vartous Nylons, and polyvinyl acetates can comprise
ethylene vinyl acetates.

A pretferred polymer composition to be extruded is a
polymer mixture for the production of bi-component
fibers in a sheath-core configuration wherein the core is
polypropylene and the sheath is polyethylene. Another
preferred composition to be extruded for the produc-
tion of bi-component fibers is a polymer mixture for a
core-sheath configuration in which the core is polyester
and the sheath is ethylene vinyl acetate.

Although the preferred embodiments are directed to
bi-component fibers, the invention is not to be so lim-
ited, and applies to multi-component fibers having three
or more polymeric components. Similarly, although the
preferred configuration is a core-sheath configuration,
the invention is not to be limited to this configuration,
and applies to any multi-component configuration, in-
cluding the above-mentioned configurations.

The polymeric compositions to be extruded can com-
prise polymers having a narrow molecular weight dis-
tribution or a broad molecular weight distribution, with
a broad molecular weight distribution being preferred
for polypropylene.

Further, as used herein, the term polymer includes
homopolymers, various polymers, such as copolymers
and terpolymers, and mixtures (including blends and
alloys produced by mixing separate batches or forming
a blend in situ). For example, the polymer can comprise
copolymers of olefins, such as propylene, and these
copolymers can contain various components, such as
those discussed in the above-mentioned applications to
Gupta et al., for example.

The melt flow index (MFI) as described herein is
determined according to ASTM D1238-82 (condition L
for polypropylene and condition E for polyethylene.
Other polymers are run under different conditions

which are listed in the aforementioned recommended
procedure).
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By practicing the process of the present invention,
and by spinning polymer compositions using melt spin
processes, such as a long spin or short spin process
according to the present invention, fibers and filaments
can be obtained which have excellent uniformity and
can be produced using one or more high hole surface
density spinnerettes for excellent productivity resulting
in reduced cost of production.

For example, for a typical short spin process for the
extrusion of sheath-core fibers having polypropylene
cores and polyethylene sheaths, with the core compo-
nent being polypropylene and the sheath component
being polyethylene, the polypropylene being extruded
at a melt temperature of about 250° C. and the polyeth-
yvlene being extruded at a melt temperature of about
230° C., the two polymer streams were transferred
through a spin beam jacketed with Dowtherm at 260°
C. and 1nto a spin pack. The spin pack maintained the
polymers as separate melt streams until just before the
spinnerette where they were combined in a sheath-core
configuration. If a spinnerette having, for example,
15,744 holes of 0.012 inch diameter with 2:1 L/D ratio
arranged in a rectangular pattern with a hole density of
one hole per 2.5 mm?is used, and the polymers are spun
1n a 50:50 ratio of core component to sheath component,
with the extrusion rate of each component being 0.021
gm/min/hole, a standard flow quench unit is inadequate
to sohdify all of the fibers exiting the spinnerette before
some type of failure occurs. The two most common
failures which occurred using a standard flow quench
unit under the above conditions were marrying, where

two or more fibers would fuse together before they

became sufticiently solidified; and slubbing, where one
or more fibers would break under the spinning tension

due to poor tensile strength caused by insufficient solidi-
fication.

Referring to FI1G. 1, an apparatus is shown for high
face wvelocity quenching of multi-component fibers
which are spun at high speed through at least one high
hole surface density spinnerette, according to the pres-
ent mvention. A first polymeric component is fed into
first inlet port 1 and a second polymeric component is

fed into inlet port 2 of spin pack 3, the first and second

components being fed from separate metering pumps.
The spin pack 3 shown mm FIG. 1 is for use in making
bi-component fibers. Optionally, a spin pack having a
third inlet for processing a third polymeric component
could be used for producing tri-component fibers. Ad-
ditionally, spin packs which accept more than three
polymeric components for more complex multi-compo-
nent fiber production can be used.

Referring to F1G. 4, a more detailed perspective view
of a known spin pack (such as one disclosed in HILLS
’074, reterred to above) which can be used in the appa-
ratus of FI1G. 11s shown. First and second inlet ports 1,2
lead through top plate 4 and deliver the respective poly-
meric components to tent-shaped cavities 5,6, respec-
tively. Screen support plate 7 holds screens 7' and 7" for
filtering the polymeric components flowing out from
the cavities 5 and 6, respectively. Below the screens 7’
and 7" are a series of side-by-side recessed slots 9’ and
9”. An array of flow distribution apertures A (for the
first polymeric component) and B (for the second poly-
meric component) is arranged in plate 10. Slots 11’ and
11" are aligned with apertures A and B, respectively to
separately deliver the first and second polymeric com-
ponents to respective aperiures.
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A distributor plate 12 1s disposed immediately be-
neath (1.e., downstream of) plate 10. Distributor plate 12
includes a regular pattern of individual dams 13, with
each dam 13 being positioned to receive a respective
branch of the first flowing polymeric component
through a respective metering aperture A. At both ends
of each dam 13, there 1s a distribution aperture 14. Dams
13 and distribution apertures 14 are preferably etched
(most preferably, by photo-chemical etching) into dis-
tribution plate 12, with dams 13 being etched on the
upstream side of plate 12 and apertures 14 being etched
from the downstream side of distribution plate 12. How-
ever, distribution plate 12 can also be formed by other
methods such as drilling, reaming, and other forms of
machining and cutting. The distribution plate shown is
for illustrative purposes only. The number and types of
distribution plates 1s determined by the complexity of
the polymer component distribution desired for each
hiber.

The upstream surface area of distribution plate 12
which does not contain the dams 13 is etched or other-
wise machined to a prescribed depth to receive the
second polymeric component from metering apertures
B. Spinnerette plate 15 1s provided with an array of
spinning holes 16 extending entirely through its thick-
ness. Each spinning hole 16 has a counterbore 17 which
forms an inlet hole at the upstream side of the spinner-
ette plate 15. The first and second polymer components
are first brought together into the desired configuration
at the inlet hole 17, and fibers having the desired multi-
component configuration are extruded from spinning
holes 16. |

FIG. S 1s a schematic of a view of a bottom surface
(1.e., face) of a spinnerette such as the one shown in
F1G. 4, when viewed from the bottom up. The spinning
holes 16 are arranged in staggered rows to improve
quenching efficiency. For increased productivity, it is
desirable to form spinning holes 16 in as dense a pattern
as possible. The density achievable is limited by geomet-
rical constraints which govern how close the compo-
nents can be placed next to one another without inter-
fering with each other. In this regard, standard hole
surface density spinnerettes have a hole surface density
of up to about one spinning hole per 12.6 mm?2 of spin-
nerette face (1.e., bottom surface) area. High hole sur-
face density spinnerettes include, for example, spinner-
ettes having hole surface densities of one hole per 8
mm?. Spinnerettes having hole surface densities up to
one hole per 2.5 mm? have been designed for the pro-
duction of multi-component fibers and hole surface
densities of up to one hole per 0.6 mm? have been possi-
ble for single component fibers.

When using the high hole surface density spinnerettes
for production of multi-component fibers, a standard
quench system was found to be undesirable and did not
adequately solidify the fibers extruded from the high
hole surface density spinnerette, which resulted in slubs
and/or married filaments. The standard quench system
included a standard rectangular cross blow box faced
with a foam pad 35 inches long and 25 inches wide, and
arranged to give a constant velocity profile of 330
ft/min along the entire length of the face.

Referring back to FIG. 1, an apparatus is shown
which uses an improved quench system according to
the present invention. For example, first and second
polymers are dry blended separately, with respective
additives in a continuous process and each of the first
and second polymer blends 1s fed to a separate reservoir
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directly above a feed throat of an extruder (not shown).
Each of the first and second polymer blends 1s fed
through a separate extruder (not shown) and extruded
as first and second molten polymer components, respec-
tively.

The first molten polymeric component 1s imntroduced
into spin pack 3 through inlet port 1 at a first melt tem-
perature and a second molten polymeric component is
introduced through inlet port 2 at a second melt temper-
ature. Although FIG. 1 illustrates only one spin pack 3,
the invention is not to be so limited, and may include
two or more spin packs for parallel processing of multi-
component filaments. When polypropylene and poly-
ethylene are used as the polymeric components, the
melit temperatures are maintained at about 250° C. and
230° C., respectively.

The molten polymeric components are processed by
the spin pack 3 as described previously and a densely
packed array of multi-component molten fibers are
extruded from spinning holes 16 at the bottom surface
of spinnerette 15. The components may be combined
into muiti-component fibers at a ratio of from about 10
to 90 percent by weight of first component to about 90
to 10 percent by weight of second component. Prefera-
bly, the ratio 1s from about 30 to 70 percent by weight
of first component to about 70 to 30 percent by weight
of second component. A pretferred sheath-core embodi-
ment comprises a ratio of about 50 percent by weight of
first component to about 50 percent by weight of sec-
ond component.

The spinning speed or speed at which the multi-com-
ponent fibers are taken up from the spinning holes may
range from about 30 m/min to 900 m/min. More prefer-
ably, the spinning speed comprises at least about 60
meters per minute. More preferably, the spinning speed
comprises no greater than about 450 meters per minute.
In a preferred embodiment, the spinning speed com-
prises at least about 90 meters per minute. In another
preferred embodiment, the spinning speed comprises no
greater than 225 meters per minute. Even more prefera-
bly, the spinning speed comprises at least about 100
meters per minute. Even more preferably, the maximum
spinning speed comprises no greater than about 165
meters per minute.

The rate of extrusion of the multi-component fibers
from the spinning holes 16 is from about 0.01 to 0.12
gm/min per spinnerette hole for each component when
the components are combined at about a 50:50 ratio by
weight. In preferred embodiments, the preferred mini-
mum extrusion rate for each component is about 0.02
gm/min per spinnerette hole when the components are
combined at about a 50:50 ratio by weight. In preferred
embodiments, the preferred maximum extrusion rate for
each component is about 0.06 gm/min per spinnerette
hole when the components are combined at about a
50:50 ratio by weight.

Upon extrusion from the spinning holes 16, the multi-
component fibers 18 are immediately quenched by high
face velocity fluid exiting from the face 22 of quench
nozzle 21. The temperature of the fluid exiting from the
face 22 1s about 50° F. to 90° F. A preferred minimum
quench fluid temperature at the face 22 is about 60° F.
A preferred maximum quench fluid temperature at the
face 22 is about- 80° F. In a preferred example, the
quench fluid temperature at the face 22 is about 70° F.

Spin finish is applied by a kiss roll (not shown) after
the filaments have solidified. The filaments are drawn
between septets (not shown) into a tow and the tow is
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preheated before entering a stuffer box type crimper
(not shown) in which the filaments are crimped. The
filaments are next air cooled on a conveyor (not shown)
and overfinish is applied through slot bars (not shown).
Alternatively, overfinish can be apphied in spray form
on the tow after it exits the crimper. Finally, the fila-
ments are cut into staple fibers and baled.

The quench system 20 shown in FIG. 1 1s a preferred
- embodiment of the instant invention. However, more
than one of the quench units may be employed for batch
processing and other equivalent configurations may be
used for achieving the desired results. Quench unit 20
includes at least one driving element 23 for blowing a
controlled fhud {flow through flexible duct 24 into
quench nozzle 21 and finally through the face 22 of the
quench nozzle where the fluid flow is directed into the
array of molten multi-component fibers or filaments 18
to quench the same. The preferred quench fluid is atr,
but other fluids, such as inert gases, for example, may be
used instead of, or combined with air. A standard ex-
haust assembly 40 having a gated opening 42 is pro-
vided for removing the quench fluid as it passes through
and around the array of multi-filaments 18.

The at least one driving element 23 1s preferably a
centrifugal fan which overfeeds the system, but other
equivalents may be used, e.g., a turbine, etc. Flow con-
trol element 25 controls the amount of fluid which 1s
inputted to quench nozzle 21. Preferably, the flow con-
trol element 25 is a butterfly valve, but other equivalent
valve means may be used in place of a butterfly valve.
Waste gate 26 (shown in the open position in phantom)
disposes of any excess fluid which 1s supplied by the
driving element 23.

Nozzle 21 1s mounted to apparatus S0 via horizontal
mounting element 27, angular mounting element 28 and
vertical mounting element 29, ali of which are intercon-
nected as mounting unit 30 and to which nozzle 21 1s
fixed by mounts 39. Pitot tube 31 measures the pressure
of fluid passing through nozzle 21. Mounting unit 30 1s
fixed to apparatus 50 at 32 via bolts, screw, welds or
other equivalent anchoring means. Horizontal mount-
ing element 27 is adjustable via adjustment element 27°
which 1s preferably a screw drive but may be a turn-
buckle arrangement, rack and pinion arrangement or
other equivalent biasing mechanism. Adjustment of the
horizontal mounting element 27 moves the face 22
nearer or further away from the array of extruded mol-
ten filaments 18. The horizontal distance of the face 22
from the molten filaments 18 1s measured from the mol-
ten fiber nearest the center of face 22' to the center of
the face 22'. The nozzle i1s movable from a horizontal
distance of about 0.0 up to about 10 cm. A preferred
minimum horizontal distance for high face velocity
quenching is about 4.5 cm. A preferred maximum hori-
zontal distance for high face velocity quenching is
about 5.5 cm. In a preferred embodiment, a horizontal
‘distance of about 5 cm is set.

Adjustment of the vertical mounting element 29
moves the face 22 nearer or further away from the
bottom surface (or face) 15 of spinnerette 15. The verti-
cal distance of the face 22 from the bottom surface 15’ is
measured from the height of the top edge 22" of the face
22 to the height of the bottom surface 15" of the spinner-
ette. The nozzle 1s movable from a vertical distance of
about 0.0 up to about 10 cm. A preferred minimum
vertical distance for high face velocity quenching is
about 0.0 cm. A preferred maximum vertical distance
for high face velocity quenching i1s about 6.0 cm, with a
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vertical distance of about 5.0 cm being one of the most
preferred settings, and a vertical distance of about 1.0
cm being another of the most preferred settings.

Adjustment of the angular mounting element 28 var-
ies the angle a between the direction in which the
quench nozzle directs a quench fluid stream D and the
horizontal direction of the spinnerette lower surface 15'.
The angular range of the angular mounting element is
from about O degrees (i.e., quench stream substantially
parallel to lower spinnerette surface and perpendicular
to direction of extrusion) to about 50 degrees. A pre-
ferred mintmum angle is about 10 degrees. A preferred
maximum angle 1s about 35 degrees. An angle of about
23 degrees 1s one of the most preferred settings.

Quench nozzle 21 is provided with height varying
means, which 1s adjustable for varying the height of the
opening at the face 22 of the quench nozzle 21. Height
varying means 33 i1s preferably a flat plate which is
angularly variable by adjustment of height adjustment
mechanism 34. The height adjustment mechanism is
preferably a screw drive with adjustment knob, but
other equivalent adjustment mechanisms may be inter-
changeably used. FIG. 2 shows an end view of face 22
and the effect of height varying means 33 upon the
height dimension h of the face. The height h is variable
by height varying means (e.g., plate) 33 up to a height of
about 50 mm. Preferably, the minimum height of the
face opening is set at about 20 mm. Preferably, the
maximum height of the face opening is set at about 40
mm. A preferred embodiment includes a height setting
of about 35 mm. Varnation of the height of the face
opening varies the area of the opening which is in-
versely proportional to the face velocity of the quench
stream exiting the face.

FI1G. 3 shows a left side view of a portion of the
apparatus taken along lines III—IIl and III'—III' 1n
FIG. 1. For effective quenching it is preferred that all of
the molten multi-component filaments are subjected to
the high velocity quench which is emitted from face 22.
Accordingly, it is preferred that the width w of the face
22 is greater than the width w' of the array of filaments
extruded from a high hole surface density spinnerette
15. In practice, the face 22 has a fixed width of at least
greater than about 18 in. A preferred embodiment com-
prises a fixed width w of at least about 21 in. Another
preferred embodiment uses a quench unit having a fixed
face width of at least about 23 in.

By appropriately adjusting the face height of quench
nozzie 21 and flow control means 23, the guench unit is
capable of blowing a quench fluid stream through the
tace 22 at a face velocity of at least about 100 ft/min and
preferably within a range of from about 1000 ft/min to
1600 ft/min. More preferably, a minimum face velocity
1s about 1200 ft/min. More preferably, a maximum face
velocity i1s about 1400 ft/min. A preferred embodiment
includes a setting of the quench unit to provide a face
velocity of about 1300 ft/min. At a face velocity of
about 1300 ft/min, the quench nozzle ejects fluid at a
volumetric rate of about 300 ft3/min.

In order to more clearly describe the present inven-
tion, the following non-limiting examples are provided.
Two examples of prior art are provided (i.e., Examples
1 and 2) for purposes of comparison.

EXAMPLES

All examples share the following common character-
1stics:
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Bi-component fibers having a sheath-core configura-
tion were obtained by melt-spinning under the follow-
ing conditions: a core component was HIMONT fiber
grade polypropylene having a MFI;30 of 20 dg/min, a
weilght-to-number average molecular weight distribu-
tion of 4.3 as determined by size exclusion chromatogra-
phy, a solid state density of 0.905 gm/cc, and a melting
point peak temperature of 165° C. as determined by
differential scanning calorimetry. A sheath component
was Dow Aspun 6811A fiber grade polyethylene (a
copolymer of ethylene and octene-1) having a MFIj90
of 27 dg/min, a solid state density of 0.9413 gm/cc, and
a melting point peak temperature of 126° C.

The polypropylene was extruded at a melt tempera-
ture of about 250° C. and the polyethylene was extruded
at a melt temperature of about 230° C. The two polymer
streams were transferred through a spin beam jacketed
with Dowtherm at 260° C. into a spin pack. The spin
pack maintained the polymers as separate melt streams
until just before the spinnerette where they were com-
bined in a sheath-core configuration. The spinnerette
used has 15,744 holes of 0.012 inch diameter with 2:1
L/D ratio arranged in a rectangular pattern with a hole
density of 2.5 mm? per hole. The polymers were spun in
a 50:50 ratio, by weight, of core component to sheath

component. The extrusion rate of each component was
0.021 gm/min/hole.

Comparative Example 1

The extruded filaments were quenched by 2000
ft3/min of cross blow air at 70° F. from a conventional
cross-blow quench unit located just below the lower
surface (face) of the spinnerette (i.e., the top edge of the
conventional cross-blow quench unit was flush with the
lower surface of the spinnerette). The conventional
cross-blow quench unit consisted of a rectangular box
faced with a foam pad 35 inches long and 25 inches
wide, arranged to give a constant velocity profile along
the entire length of the face equal to about 330 ft/min.
An exhaust unit, having an opening 2 inches wide and
235 inches long 1s provided on the side of the extruded
filaments opposite the side at which the quench unit was
positioned. The exhaust unit was run at a static pressure
of 0.9 inches of water. The filaments were taken around
a free wheeling Godet roll and over a draw roll stand at
107 m/min. K

Under the above conditions, suitable spinning could

not be established. The quench air was inadequate to

sufficiently cool the spun molten fibers before they
were combined into a single tow. Accordingly, married
filaments resulted, as well as slubbing.

Comparative Example 2

The quench unit used was the same as that described
iIn Comparative Example 1. Quench air rates of
1000-3000 ft3/min of cross blow air at temperatures
ranging from 60° F. to 80° F. were tried in an attempt to
establish suitable spinning conditions. In one test, the
lower half of the quench unit was closed off to increase
the air velocity to approximately 600 ft/min. None of
the above combinations of conditions was capable of
establishing acceptable spinning conditions as marrying
and/or slubbing of filaments always resulted.

Example 3

The extruded filaments were quenched by 300
ft’>/min of air blown at 70° F. across the threadline
through a quench unit as shown in FIG. 1. The quench
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unit was situated 5.0 cm below the lower surface (face)
of the spinnerette. The quench unit was set to have a
rectangular face opening 35 mm high by 25 inches wide
and was angled at approximately 23° from horizontal
and aimed towards the center of the lower surface of
the spinnerette. The opening of the quench unit was
situated at a horizontal distance of approximately 5 cm.
The face velocity of the air through the quench unit was
approximately 1300 ft/min. An exhaust unit having an
opening of 2 inches by 25 inches was located on the side
of the extruded filaments opposite the side nearest the
quench unit. The exhaust unit was run at a static pres-
sure of 0.9 inches of water. The filaments were taken
around a free wheeling Godet roll and over a draw roll
stand at 107 m/min, and the extrusion rate of each com-
ponent was 0.021 gm/min/hole. Continuous spinning
was satisfactory and no slubs or married filaments re-
sulted.

Example 4

Spinning was carried out under the same conditions
as in Example 3, except that the draw roll speed was 129
m/min, and the extrusion rate of each component was
0.025 gm/min/hole. Continuous spinning was satisfac-
tory and no slubs or married filaments resulted.

Example 5

Spinning was carried out under the same conditions
as in Example 3, except that the draw roll speed was 129
m/min, and the extrusion rate of each component was
0.022 gm/min/hole. Continuous spinning was satisfac-

tory and no slubs or married filaments resulted.

Example 6

Spinning was carried out under the same conditions
as in Example 3, except that the draw roll speed was 129
m/min, and the extrusion rate of each component was
0.06 gm/min/hole. Continuous spinning was satisfac-
tory and no slubs or married filaments resulted.
Although the invention has been described with ref-
erence to particular means, materials and embodiments,
it 1s to be understood that the invention is not limited to
the particulars disclosed and extends to all equivalents
within the scope of the claims.
We clamm:
1. A process for high speed spinning of multi-compo-
nent polymer filaments, comprising:
feeding a first polymeric component at a first melt
temperature mto at least one spin pack assembly;

feeding a second polymeric component at a second
melt temperature into the at least one spin pack
assembly; |

combining the first and second polymeric compo-

nents into a multi-component configuration and
extruding through at least one high hole surface
density spinnerette to form molten multi-compo-
nent filaments; and

quenching the molten multi-component filaments by

blowing a fluid at a high velocity across the direc-
tion of extrusion of the multi-component molten

- filaments, to effectively prevent slubs and marrying

~of the multi-component filaments.

2. The process according to claim 1, wherein the
quenching the molten multi-component filaments by
blowing a fluid at a high velocity comprises blowing a
fluid at a face velocity ranging from about 1000 feet per
minute to 1600 feet per minute.
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3. The process according to claim 1, wherein the
quenching the molten multi-component filaments by
blowing a fluid at a high velocity comprises blowing a
fluid at a face velocity comprising at least about 1200
feet per minute.

4. The process according to claim 1, wherein the
quenching the molten multi-component filaments by
blowing a fluid at a high velocity comprises blowing a
fluid at a face velocity comprising no greater than about
1400 feet per minute.

5. The process according to claim 2, wherein the

quenching the molten mulii-component filaments by
blowing a flmd at a high velocity comprises blowing a
fluid at a face velocity of about 1300 feet per minute.

6. The process according to claim 1, wherein the
quenching the molten multi-component filaments by
blowing a fluid at a high velocity is performed by a high
face velocity quench unit having a face opening
through which a fluid is blown, said face opening being
at least as wide as a combined width of the molten
multi-component filaments extruded from one of the
high hole surface density spinnerettes, and having a
variable height. |

7. The process according to claim 6, wherein the face
opening of the high face velocity quench unit comprises
a height of up to about 50 mm.

8. The process according to claim 7, wherein the face
opening of the high face velocity quench unit comprises
a height no greater than about 40 mm.

9. The process according to claim 7, wherein the face
opening of the high face velocity quench unit comprises
a height of at least about 20 mm.

10. The process according to claim 8, wherein the
face opening of the high face velocity quench unit com-
prises a height of about 35 mm.

11. The process according to claim 1, wherein the
quenching the molten multi-component filaments by
blowing a fluid at a high velocity is performed by a high
face velocity quench unit having a face opening
through which the fluid is blown, and the high face

velocity quench unit 1s positioned at a horizontal dis-

tance of at least about 4.5 centimeters from the nearest
molten multi-component filament, measured from a
center of the face opening.

12. The process according to claim 1, wherein the
quenching the molten multi-component filaments by
blowing a fluid at a high velocity 1s performed by a high
face wvelocity quench unit having a face opening
through which the fluid is blown, and the high face
velocity quench unit 1s positioned at a horizontal dis-
tance comprising no greater than about 3.5 centimeters
from the nearest molten multi-component filament,
measured from a center of the face opening.

13. The process according to claim 11, wherein the
horizontal distance 1s about 3 centimeters.

14. The process according to claim 1, wheremn the
quenching the molten multi-component filaments by
blowing a fluid at a high velocity is performed by a high
face velocity quench unit having a face opening
through which the fluid 1s blown, and the high face
velocity quench unit is positioned at a vertical distance
of from about 0.0 to 20.0 centimeters from a bottom
edge of the at least one high hole surface density spin-
nerette to a top edge of the face opening.

15. The process according to claim 14, wherein the
vertical distance comprises at least about 1.0 centimeter.

18

16. The process according to claim 14, wherein the
vertical distance comprises no greater than about 10.0
centimeters.

17. The process according to claim 15, wherein the
vertical distance is about 5.0 centimeters.

18. The process according to claim 1S, wherein the
vertical distance 1s about 1.0 centimeter.

19. The process according to claim 1, wherein the
quenching the molten multi-component filaments by

10 blowing a fluid at a high velocity 1s performed by a high
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face velocity quench unit having a face opening
through which the fluid is blown, and the quench unit is
positioned at an angle of about 0 to 50 degrees with
respect to horizontal, with the face opening being di-
rected toward a center of a bottom surface of the at least
one high hole surface density spinnerette.

20. The process according to claim 19, wherein the
angle comprises at least about 10 degrees.

21. The process according to claim 19, wherein the
angle comprises no greater than about 35 degrees.

22. The process according to claim 20, wherein the
angle 1s about 23 degrees.

23. The process according to claim 1, wherein the
quenching the molten multi-component filaments by
blowing a fluid at a high velocity is performed by a high
face velocity quench unit having a face opening
through which a fluid having a temperature of from
about 50° to 90° F. is blown.

24. The process according to claim 23, wherein the
fluid temperature comprises at least about 60° F.

25. The process according to claim 23, wherein the

flmd temperature comprises no greater than about 30°
F .

26. The process according to claim 24, wherein the
fluid temperature is about 70° F.

27. The process according to claim 1, wherein the
multi-component molten filaments are produced at a
spinning speed of from about 30 meters per minute to
900 meters per minute.

28. The process according to claim 27, wherein the
spinning speed comprises at least about 60 meters per
minute.

29. The process according to claim 27, wherein the
spinning speed comprises no greater than about 450
meters per minute.

30. The process according to claim 28, wherein the
spinning speed comprises at least about 90 meters per
minute.

31. The process according to claim 29, wherein the
spinning speed comprises no greater than about 225
meters per minute.

32. The process according to claim 30, wherein the
spinning speed comprises at least about 100 meters per
minute.

33. The process according to claim 31, wherein the
spinning speed comprises no greater than about 165
meters per minute.

34. The process according to claim 1, wherein the at
least one high hole surface density spinnerette com-
prises a bottom surface through which the molten mul-
ti-component fibers are extruded, the at least one high
hole surface density spinnerette further comprising at
least about one hole per 8§ square millimeters of the
bottom surface.

35. The process according to claim 34, wherein the at
least one high hole surface density spinnerette com-

prises at least about one hole per 5 square millimeters of
the bottom suriace.
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36. The process according to claim 35, wherein the at
least one high hole surface density spinnerette coms-
prises at least about one hole per 2.5 square millimeters
of the bottom surface.

37. The process according to claim 36, wherein the at
least one high hole surface density spinnerette com-
prises at least about one hole per 0.6 square millimeters
of the bottom surface.

38. The process according to claim 1, wherein the
multi-component molten filaments comprise about 10 to
90 percent by weight of the first component and about
90 to 10 percent by weight of the second component.

39. The process according to claim 38, wherein the
multi-component molten filaments comprise about 30 to
70 percent by weight of the first component and about
70 to 30 percent by weight of the second component.

40. The process according to claim 39, wherein the
multi-component molten filaments comprises about 50
percent by weight of the first component and about 50
percent by weight ot the second component.

41. The process according to claim 1, wherein the
extrusion rate of the first polymeric component com-
prises from about 0.01 to 0.12 grams per minute per
spinnerette hole and the extrusion rate of the second
polymeric component comprises about 0.01 to 0.12
grams per minute per spinnerette hole.

42. The process according to claim 41, wherein the
extrusion rate of the first polymeric component com-
prises at least about 0.02 grams per minute per spinner-
ette hole and the-extrusion rate of the second polymeric
component comprises at least about 0.02 grams per
minute per spinnerette hole.

43. The process according to claim 41, wherein the
extrusion rate of the first polymeric component com-
prises no greater than about 0.06 grams per minute per
spinnerette hole and the extrusion rate of the second
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polymeric component comprises no greater than about
0.06 grams per minute per spinnerette hole to 0.06.

44. The process according to claim 43, wherein the
extrusion rate of the first polymeéric component is about
0.02 grams per minute per spinnerette hole and the
extrusion rate of the second polymeric component is
about 0.02 grams per minute per spinnerette hole.

45. The process according to claim 42, wherein the
extrusion rate of the first polymeric component is about
0.06 grams per minute per spinnerette hole and the
extrusion rate of the second polymeric component is
about 0.06 grams per minute per spinnerette hole.

46. The process according to claim 1, further com-
prising the step of feeding at least a third polymeric
component at a third melt temperature into the at least
one spin pack assembly for combination with the first
and second polymeric components to form molten mul-
ti-component fibers. .

47. The process according to claim 1, wherein the
quenching the molten multi-component filaments com-
prises immediately quenching the molten multi-compo-
nent filaments as the molten multi-component filaments
are extruded from the at least one high hole surface
density spinnerette.

48. The process according to claim 1, wherein the
step of quenching the molten multi-component fila-
ments comprises blowing air at a high velocity across
the direction of extrusion of the multi-component mol-
ten filaments.

49. The process according to claim 1, wherein the
multi-component filaments are bi-component filaments.

50. The process according to claim 49, wherein each
of the bi-component filaments comprises a sheath-core
configuration.

51. The process according to claim 50, wherein each
of the bi-component filaments comprises a polyethylene

sheath and a polypropylene core.
¥ X ¥ X ¥
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